Abstract Postpartum depression (PPD) is an important mental health issue affecting approximately 10 % of women. Selfreport screening measures represent utility for detecting PPD in both clinical and research settings. The current study sought to inspect the accuracy of two screening measures compared to clinical interviews. As part of an ongoing clinical trial, 1,392 women between the ages of 18 and 45 were screened for PPD using the Patient Health Questionnaire-9 (PHQ-9) and a six-item scale developed from CDC Pregnancy Risk Assessment questions (PRAMS-6). Three item subscales of the PRAMS-6 were also inspected-three depression (PRAMS-3D) and three anxiety items (PRAMS-3A). Receiver operating characteristics compared the diagnostic accuracy of the PHQ-9, PRAMS-6, PRAMS-3D, and PRAMS-3A to both the Structured Clinical Interview for the DSM-IV (SCID) and the Hamilton Rating Scale for Depression. The PHQ-9, PRAMS-6, and PRAMS-3D all showed moderate accuracy at diagnosing PPD. Diagnostic cut points are provided. The PRAMS-6 instrument is a brief and effective screening tool for PPD. The time frame of symptom assessment may account for some variability in accuracy between the PHQ-9 and PRAMS screening instruments.
Introduction
Postpartum depression (PPD) is an important mental health issue affecting approximately 7-13 % of women (LeahyWarren et al. 2011) . Untreated PPD results in significant detriments to multiple domains of infant development and family functioning (Armitage et al. 2009; Fishell 2010) . Therefore, proper detection of PPD is important to ensure that affected mothers are identified and referred to appropriate treatments. Additionally, research on the treatment and prevention of PPD relies heavily on screening for probable PPD for recruitment.
Although the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) defines PPD as a major depressive episode within 1 month after delivery, many researchers regard the 6-month period after delivery as the period in which PPD can occur. Perinatal women often continue obstetric care for 3 to 8 weeks after childbirth (Declercq et al. 2007 ), but may switch to primary care after this early post-birth care. A brief PPD instrument could be used at standard primary care patient visits without adding to the burden of care, which might increase the number of cases of PPD detected after obstetric care has ended. Well baby visits afford pediatricians an opportunity to screen mothers for PPD as well (Liberto 2012; Heneghan et al. 2007 ). Therefore, a brief screening instrument expands the reach of obstetric, primary care, and pediatric providers in detecting suspected cases of PPD and referring those cases to appropriate care.
A variety of self-report screening measures for PPD are used in research and in clinical practice to detect probable cases of PPD. The most widely used self-report tools for detection of PPD are the Edinburgh Postnatal Depression Scale (EPDS) (Cox et al. 1987 ) and the Beck Depression Inventory (BDI; Hewitt et al. 2010 ) having ten and 21 items, respectively. The Patient Health Questionnaire (PHQ-9) is a nine-item screening instrument for depression that is based on the DSM-IV diagnostic criteria, is commonly used in clinical practice to detect suspected cases of depression, and has been validated in perinatal populations (for review see Kroenke et al. 2010) .
Both the EPDS and BDI appear to be accurate and effective screening tools for PPD. A recent study by Ji and colleagues (2011) looked at the accuracy of the BDI in 534 perinatal women over multiple time points ranging from preconception, first through third trimester, and early to late postpartum. The BDI was comparable to a diagnostic interview for detecting PPD showing good accuracy with Receiver Operating Characteristic (ROC) values from 0.8 to 0.9 depending on the time period inspected (Ji et al. 2011 ). However, this study also found that the optimum cut point for the BDI varied depending on the perinatal time frame. In a meta-analysis of seven studies, the EPDS showed a positive predictive value of 62 % in perinatal populations (Milgrom et al. 2010) . The authors of the meta-analysis concluded that the EPDS was an effective screening tool for PPD. Neither the EPDS nor the BDI is ultra-brief and may be too lengthy for quick screening in obstetric, primary care, or pediatric settings.
In adolescents and emerging adults, three-item and twoitem subscales of the EPDS were compared to the full ten items (Kabir et al. 2008) . In this population, the three-item subscale, which measured anxiety symptoms, was a more accurate detector of PPD, but the ultra-brief subscale of the EPDS has not been validated in adult populations or perinatal populations to date.
The PHQ-9 has been validated in a variety of populations and languages (Arroll et al. 2010; Liu et al. 2011; Yeung et al. 2008; Merz et al. 2011 ; for review see Kroenke et al. 2010) . Some alterations in diagnostic cut points are necessary for the elderly with cognitive impairment (Boyle et al. 2010 ) and in adolescents indicating that alterations in its use might be warranted for other populations like perinatal women.
Studies comparing the PHQ-9 to the EPDS found that both measures exhibit similar performance in detecting PPD. One study found that the EPDS was more accurate at detecting PPD but that both the EPDS and the PHQ-9 had moderate accuracy in a sample of 135 women (Hanusa et al. 2008) . Another study reported that the EPDS and PHQ-9 were concordant in 399 postpartum women (Yawn et al. 2009 ). In perinatal women (N=185), the PHQ-9 and EPDS were moderately accurate at detecting PPD when compared to unstructured clinical diagnosis (Flynn et al. 2010) .
A repeated measures study with the PHQ-9 for 506 women undergoing PPD treatment showed that the somatic items (e.g., sleep, appetite, and energy) were less effective predictors of PPD than the other items on that scale (Gjerdingen et al. 2011) . The items on the PHQ-9 cover all the diagnostic symptoms of depression; however, somatic symptoms may be common for all postpartum women, independent of mood status, because they are recovering from birth and adjusting to the sleep demands of a new baby. All nine diagnostic items for depression may not be relevant for PPD, which may have slightly different features from depression outside the postpartum period, such as comorbid anxiety symptoms which are not assessed in the PHQ-9.
Each of these validated instruments for detecting PPD varies in their time scale and length of the instrument. The BDI and EPDS ask about symptoms in the previous week, and the PHQ-9 addresses symptoms of the last 2 weeks. Diagnostic interview addresses symptoms in the last month. Because screening opportunities for PPD may vary, an expanded time frame for symptom screening may improve detection and treatment of subclinical and clinical depression symptoms. Each of these measures varies from nine to 21 items, and a diagnostic interview can require hours to complete. A brief screening instrument that can detect symptom profiles over a broad time frame in the postpartum period would be helpful for triggering a full clinical assessment of mood and referral to appropriate treatments.
The Pregnancy Risk Assessment Monitoring System (PRAMS) was developed by the Centers for Disease Control (CDC) to assess prevalence of perinatal health issues (www.cdc.gov/prams/Questionnaire.htm). The original use of the PRAMS was to implement statewide surveillance of pregnancy-related health issues. Prior to 2009, the PRAMS Core Questionnaire did not include questions that assessed postpartum depression and anxiety (O'Hara et al. 2012) . At the time of inception of this study, one of the co-authors (MO) was conducting a validation study of depression and anxiety items that had the highest prediction values for assessing PPDrelated symptoms and would potentially be incorporated into future versions of the PRAMS Questionnaire (O'Hara et al. 2012) . Based upon the items with the best validity, depression and anxiety items were chosen to create the six-item PRAMS (PRAMS-6). The PRAMS-6 was chosen over other brief screening tools, like the three item EPDS, because it covered the entire postpartum period, included both depression and anxiety symptoms common to postpartum women, and would potentially allow future comparisons to CDC surveillance populations.
The aims of this investigation were (1) to inspect the diagnostic accuracy of the PRAMS-6 as an ultra-brief screening tool for PPD that covers symptoms over the entire postpartum period, (2) to inspect three-item subscales of the PRAMS-6 in detecting PPD, and (3) to compare the PRAMS screening accuracy to the PHQ-9, a previously validated and brief PPD screening instrument. The sensitivity and specificity of the screening tools of interest were compared to two clinician-rated diagnostic measures of PPD, the Structured Clinical Interview for the DSM-IV MDE module (SCID; First et al. 2002) and the 17-item Hamilton Rating Scale for Depression (HRSD-17) (Hamilton 1960) .
Method
The data for this study was collected as part of a larger clinical treatment trial for PPD. The trial is ongoing at Women and Infants Hospital in Providence, RI and at the University of Iowa, Iowa City, IA. At the RI site, women were referred to the study by practitioners from hospital and community clinics, obstetric-gynecological clinics, primary care physicians, and mental health care providers. At the Iowa site, women were recruited for the study largely using the state birth records information. Women identified from the birth records who had a baby in the past year and were between the ages of 18 and 50 were sent a letter inviting them to participate in a study about their emotional experiences after delivery. Women who were interested in participating included their contact information on a postcard and returned it to study personnel who contacted potential participants by phone for the screening. Potential participants in Iowa were also referred to the study from the University of Iowa Women's Wellness and Counseling Service and community clinics. All procedures were approved and monitored by the Women and Infants IRB and the University of Iowa IRB (for each site respectively).
At both sites, women were eligible for the clinical trial if they were within 12 months postpartum following a live birth, were between 18 and 45 years of age, could speak and read English, were not currently undergoing treatment for PPD, and were willing to be randomly assigned to treatment. Breast feeding women were not excluded. Women in the trial received free treatments, and they were paid for the time spent attending assessment interviews. Participants were paid $50 if they completed the initial screening interview. If they completed all assessments throughout the course of the trial, women in RI earned $205, and women in Iowa earned $105.
The PHQ-9 and PRAMS-6 were administered over the phone by trained research staff to potential participants. The PHQ-9 has been administered over the phone in both perinatal population (Hanusa et al. 2008 ) and in other populations (Razykov et al. 2012) .
Suspected PPD was indicated by a PHQ-9 score greater than or equal to 10. Women with suspected PPD based on the PHQ-9 were scheduled for an interview using the SCID and the 17-item Hamilton Rating Scale for Depression (HRSD-17), which were administered by trained research staff either over the phone or in-person. All interviews were audiotaped.
Women continued in the trial if they met criteria for depression using the SCID MDE module and had an HRSD-17 score greater than or equal to 12. Women were excluded from the trial if the SCID interview detected bipolar disorder, substance abuse, psychosis, or suicidal behavior. In these cases, women were referred to more appropriate care. Women who were screened using the PHQ-9 and PRAMS and who had the clinical intake interview were included in the analyses, regardless of whether or not they continued in the larger trial.
Measures
The PHQ-9 contains nine items that assess each of the symptoms that comprise DSM-IV diagnostic criteria. Specifically, women are asked to rate items pertaining to loss of interest, depressed mood, sleep disruption, fatigue, changes in appetite, guilt and feelings of worthlessness, changes in concentration, psychomotor retardation/agitation, and suicide. Women are asked to rate each item based on the prevalence of the symptom within the past 2 weeks. Rating options are: not at all, several days, more than half the days, nearly every day. Item scores are added to form a composite score.
The PRAMS-6 contains six items that are rated on a Likert scale from 1 (never) to 5 (always). Responses are scored according to the prevalence of the symptoms since the delivery of the baby. The questions on this instrument are: (1) I have felt down, depressed, or sad; (2) I have felt hopeless; (3) I have felt slowed down physically; (4) I have felt panicky; (5) I have felt restless or fidgety; and (6) I have felt fearful.
Data analyses
Composite scores were used in analyses for all the screening measures. The first three items of the PRAMS-6 screen for depression symptoms, and the last three items screen for anxiety symptoms. In order to investigate the individual screening accuracy of the depression items and the anxiety items, separate analyses were performed on the sums of the three-item PRAMS subscales for depression (PRAMS-3D) and the subscale for anxiety (PRAMS-3A) in addition to the sum of all six items (PRAMS-6). The sums of all items of the PHQ-9 and the HRSD-17 were used in analysis. For all measures, higher scores indicate increased morbidity.
To discern the diagnostic accuracy of the PHQ-9, PRAMS-3A, PRAMS-3D, and PRAMS-6, ROC analysis using the SCID and the HRSD-17 as the diagnostic standard were computed. When the HRSD-17 was the standard of depression, a score of 15 or greater determined depression (Frank et al. 1991) . ROC curves were computed using SPSS 17.1. For each ROC, the area under the curve (AUC) was computed.
Using the standards put forth by Streiner and Cairney (2007) , an AUC less than 0.70 is low accuracy, an AUC between 0.70 and .90 shows moderate accuracy for the test, and an AUC higher than 0.90 indicates excellent test accuracy. Cut point scores for screening measures can be determined by selecting a sensitivity level, which is appropriate for some cases, or by finding the value that optimizes sensitivity and specificity. A cut point score using 80 % sensitivity, regardless of specificity, minimizes false negatives while moderating false positives. The use of 80 % sensitivity to determine cut points is warranted for screening measures in psychological research because false negatives are often more detrimental than false positives (Sharifi et al. 2008) . A cut point score that optimizes diagnostic ability by balancing sensitivity and specificity provides the score at which false positives are minimized and true positives are maximized thereby representing the score at which the least amount of detection errors are present. Using the data generated by the ROC analysis, diagnostic cut points were determined for both the 80 % sensitivity level and the optimized balance of sensitivity and specificity.
Results

Participants
Data from 1,392 women screened for the clinical trial were included in the data set. Not all women had scores for all assessments. Women included for each analysis had a score on the standard test and the screening measure; sample N for each analysis is provided below.
Women in Iowa and Rhode Island included in the sample (N=1,392) were on average 28.52 years old (SD=5.45) and 719 were breastfeeding (51.7 %). In this sample, eight were American-Indian/Alaska Native (0.57 %), 25 were Asian (1.80 %), 73 were African-American (5.24 %), four were Native Hawaiian or Pacific Islander (0.29 %), 1,222 were white (87.79 %), and 60 were of unknown/not reported race (4.31 %). Women in this sample were predominantly nonHispanic (99.14 %). There were 100 women who were identified as Hispanic (7.2 %) and 15 women for which ethnicity was unknown (1.1 %).
ROC analyses using the SCID MDE as the standard A total of 1,011 women had scores for the PHQ-9, PRAMS-6, and SCID and were included. Table 1 shows the AUC values, 95 % confidence levels, and p values for each tool when the SCID was used as the gold standard. Using the SCID as the diagnostic standard, all the screening instruments were significantly better than chance at detecting PPD.
According to the AUC values obtained here, the PRAMS-6, PRAMS-3D, and PHQ-9 had AUC values with moderate accuracy compared to the SCID. The PRAMS-3A exhibited a low-level of accuracy with the SCID. Cut point scores determined by this analysis for each screening tool are presented in Table 2 . The maximum possible score for each measure is also included for reference.
ROC analyses using the HRSD-17 as the standard A total of 914 women had scores for the HRSD-17, the PHQ-9, and the PRAMS-6 and were included in analysis. Table 3 shows the AUC and 95 % confidence intervals when the HRSD-17 with a score greater than or equal to 15 was used as the standard for depression. The PHQ-9, PRAMS-6, PRAMS-3D, and PRAMS-3A were all significantly better than chance at detecting PPD using the HRSD-17 as the standard. The AUC values of each of these tests show that they were all moderately accurate at detecting PPD.
Additional observations
To investigate the relative utility of each of these screening tools within the context of the cut points determined by the preceding analyses, the diagnostic capability of each instrument was inspected by calculating the percentage of cases of PPD that were categorized by each instrument for both the 80 % sensitivity level and the optimized cut points. The PRAMS-3A subscale was excluded from this inspection because it did not show consistent accuracy using both standards. Table 4 presents the percentage of women in this sample with suspected depression using both cut point scores for each tool, the percentages of diagnosis obtained by the gold standards , and the positive predictive value (PPV) for each cut point as determined by the SCID.
As expected in using the 80 % sensitivity for cut point scores, the screening tools identified more suspected cases of PPD than were diagnosed by the SCID or HRSD-17. The screening tools identified approximately 14-24 % more cases using the 80 % sensitivity cut point score than were confirmed by the gold standard clinical interview. For the PRAMS-6 and PHQ-9, using the optimum cut point score reduced the number of false positives that were detected during screening. However, the optimum PRAMS-3D cut point score was identical to the 80 % sensitivity cut point, so detection errors were not improved by using the alternate cut point score. In summary, the 80 % sensitivity cut point score detects more false positives, while the optimum cut point score is more specific for the PRAMS-6 and PHQ-9. The costs, benefits, and risks of both false positives and false negatives should be considered when determining which cut point is most appropriate, within the context of the uses of the instrument. Pearson's correlations were performed for all continuous measures (excludes the SCID binary measure). The PHQ-9 was significantly correlated with PRAMS-6 (r=.681, p<.001, N = 1,392), PRAMS-3D (r = .647, p < .001, N = 1392), PRAMS-3A (r=.549, p<.001, N=1,392), and HRSD-17 (r=.592, p<.001, N=914). The HRSD-17 was significantly correlated with the PRAMS-6 (r=.502, p<.001, N=914), the PRAMS-3D (r=.471, p<.001, N=914), and the PRAMS-3A (r=.408, p<.001, N=914).
Discussion
The findings of the present study show that the PRAMS-6 or PRAMS-3D shows a moderate level of accuracy for detecting PPD when compared to clinical interview. The results here support the use of the PRAMS-6 as an ultra-brief screening tool in research and clinical care.
The findings of the present study support the use of the PRAMS-6 or the PRAMS-3D as brief screening instruments for PPD. All three tools, PRAMS-6, PRAMS-3D, and PHQ-9, had similar levels of accuracy (78-82 %) for predicting PPD that was later confirmed by structured interviews . The PHQ-9 exhibited slightly better accuracy than the PRAMS-6.
A recent study by Sidebottom et al. (2012) found a similar level of accuracy for the PHQ-9 in detecting prenatal depression at obstetric clinical visits. In their study, a cutoff score of 10 yielded a sensitivity of 85 % when looking at women who met full criteria for PPD and a sensitivity of 75 % when including women with subdiagnostic PPD (i.e., at least three depression symptoms). In our study, a cutoff score of 10 was associated with 80 % sensitivity for PPD. Therefore, the accuracy of the PHQ-9 was similar for perinatal women in both clinical visits and the treatment-seeking women in our study.
The PRAMS-6 and its shorter subscale, the PRAMS-3D, are both adequate predictors of PPD. These tools show comparable accuracy to the PHQ-9 but contain only three or six items. The slightly reduced accuracy of the PRAMS scales, compared to the PHQ-9, may be reflective of the fact that the PRAMS-6 only addresses a small sample of symptoms that may be present in PPD. However, the accuracy deficit was small and resulted in more false positives, which may be less problematic than false negatives for PPD.
The PRAMS-6 showed 81 % PPV using the optimized cutoff point (a score of 17) and 63 % PPV using the 80 % sensitivity cutoff score of 15. The PRAMS-3D had an optimized cutoff score of 9 at the 80 % sensitivity level and a PPV of 70 %. In both cases, some accuracy is sacrificed for a broader net-detecting more cases of PPD than were confirmed by SCID. In the case of PPD, false positives compared to the SCID may indicate subthreshold PPD or minor depression, which may be associated with maternal impairment and warrant treatment (Weinberg et al. 2001) .
The PRAMS-3A subscale was moderately accurate when the HRSD-17 was the standard but exhibited low accuracy when the SCID was the standard. This is an interesting finding in light of previous reports that the three-item subscale of the EPDS (containing three anxiety items) is sufficient for PPD detection in adolescents and young adults (Kabir et al. 2008) . However, Kabir's study did not use the SCID as a standard of diagnosis and had a different population than the current study. Kabir had 199 young women from 14 to 26 years old in adolescent centered treatment program. The current study had a larger, more age-diverse sample with an average age of 28. The anxiety items in this study were not sufficiently accurate to screen for PPD. However, only one of the anxiety items, "feeling panicky," is common to both the PRAMS and the EPDS. A key difference in the screening instruments inspected in this study is the time period within which symptoms are assessed. The PHQ-9 covers symptoms over the last 2 weeks and the PRAMS addresses symptoms since the time of delivery. Women in the current study were between 0 and 12 months postpartum, so in some cases the PRAMS-6 assessed a much larger time frame than the PHQ-9. This variability in time frame could account for the decreased accuracy compared to the SCID. However, the moderate level of accuracy seen by the PRAMS may also indicate that the profile of symptoms over the entire postpartum period is at least as important for detecting PPD as the symptoms in the most previous 2 weeks.
The PHQ-9 addresses all the diagnostic symptoms, while the PRAMS addresses only a subset of symptoms. Together with the variable time frame of symptom assessment, the PRAMS would be expected to show a lower level of accuracy against the SCID. However, the decreased accuracy is skewed toward false positives-meaning more women were suspected of PPD that were not confirmed by interview. Previous studies support the use of screening instruments that sacrifice some accuracy in order to minimize false negatives (Gjerdingen et al. 2011) . Additionally, subclinical symptoms over the entire postpartum period may represent a need for monitoring of symptoms and possible treatment even if full clinical diagnosis is not achieved at the time of screening.
One benefit to the PRAMS-6 over other brief screening instruments is data from clinical care and research can be compared to broader populations of new mothers through CDC monitoring once the questions have been incorporated into the PRAMS Questionnaire. Research samples are often restricted regionally, ethnically, and racially. Comparison to broader populations in the CDC surveillance system may offer important insight into PPD.
The current study is limited in that many of the women in this current sample were treatment-seeking. PPD was more prevalent in our sample (about 41 %) than is estimated for the general population (about 10 %). The PRAMS instrument was moderately accurate in detecting PPD in our sample, but the level of accuracy could be affected by higher prevalence in the sample. Furthermore, the clinical utility of the PRAMS for postpartum women in the community at primary care, pediatric, or obstetric settings is not known. Additionally, most of the women in this study were non-Hispanic and Caucasian, so the utility of these screening instruments in more culturally diverse populations is unknown.
